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Claim 

A type of muffling device characterized by the following facts: it is an interference type 
muffling device, with an interference pipe set connected to two ends of a gas flow pipeline; in 
this muffling device, a gas pressure adjusting means that generates a gas pressure difference 
between the two ends of the interference pipe is set on the opening portion at one end of both 
ends of said interference pipe; a valve body is set at a halfway portion on the interference pipe, 
and it makes displacement to turn said halfway portion due to said gas pressure difference, and a 
spring for resetting the displaced valve body is set. 
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Detailed explanation of the invention 
[0001] 

Industrial application field 

This invention pertains to a type of muffling device for suppressing noise generated in a 
gas flow pipeline. In particular, this invention pertains to a type of muffling device with a 
structure for expanding the muffling frequency range. 

[0002] 
Prior art 

The frequency of noise generated in a gas flow pipeline varies as a function of various 
conditions. For example, the frequency of the air intake noise generated in the air intake pipel ine 
or the gas exhausting noise generated in the gas exhausting pipeline of an internal combustion 
engine varies almost proportionally to the rotating velocity of the internal combustion engine. In 
order to suppress said varying noises, it is necessary to install a muffling device with a wide 
muffling frequency range in the gas flow pipeline. Various methods may be adopted to expand 
the muffling frequency range of the muffling device depending on the specific muffling 
mechanism. For example, the following types of muffling device may be used. 

[0003] 

Japanese Kokai Utility Model Application No. Sho 60[1985]-23245 described a 
resonating type muffling device (first prior art) characterized by the following facts: the opening 
area of the through-hole that connects the air intake pipeline and the resonant muffling chamber 
can be changed by means of a sliding cylinder; by controlling the sliding cylinder with an F/V 
converter that detects the rotating velocity of the internal combustion engine and a potentiometer 
connected to it, it is possible to change the area of the opening corresponding to the 
aforementioned rotating velocity. 

[0004] 

Japanese Kokai Utility Model Application No. Sho 59[1984]-39760 described a 
resonating type muffling device (second prior art) characterized by the following facts: the 
opening area of a resonant hole connected to the pipeline and a resonant muffling chamber can 
be changed by means of a sliding valve; by driving the sliding valve with bellows or the like that 
functions due to the negative pressure of the resonant muffling chamber, said opening area is 
changed proportionally to said negative pressure. 
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[0005] 

Japanese Kokai Utility Model Application No. Sho 61[1986]-202617 described a 
resonating type muffling device (third prior art) characterized by the following facts: the 
cross-sectional area of a connecting pipe that connects a gas flow pipeline and a resonant 
muffling chamber by means of a bellows or the like; by stretching the bellows by means of the 
back pressure in the connecting pipe, is it possible to change said cross-sectional area 
corresponding to said back pressure. 

[0006] 

Japanese Kokai Utility Model Application No. Sho 59[1984]-41664 described a 
resonating type muffling device (fourth prior art) characterized by the following facts: the 
volume of a resonant muffling chamber connected to the air intake pipeline is changed by means 
of a bellows; and by stretching the bellows by means of the air intake negative pressure, it is 
possible to change said volume corresponding to said air intake negative pressure. 

[0007] 

Problems to be solved by the invention 

However, for the aforementioned first prior art, it is necessary to have an F/V converter 
and other controllers as well as a potentiometer and other actuators, the structure becomes 
complicated, the cost becomes higher, and this is undesirable. 

[0008] 

For said second through four prior arts, although the structure is not so complicated as 
that of the first prior art, it is nevertheless necessary to use bellows with a large stretching area, a 
large spring for resetting after stretching, etc. Consequently, the structure becomes complicated, 
the size becomes larger, and the cost becomes higher. This is undesirable. 

[0009] 

The purpose of this invention is to solve the aforementioned problems of the prior art by 
providing a type of muffling device characterized by the fact that it not only can expand the 
muffling frequency range, but also it has a simple and small structure and avoids increasing the 
cost. 
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[0010] 

Means to solve the problem 

In order to realize the aforementioned purpose, this invention provides a type of muffling 
device characterized by the following facts: it is an interference type muffling devic e, with an 
interference pipe set connected to both ends of a gas flow pipeline; in this muffling device, a gas 
pressure adjusting means that generates a gas pressure differential between the two ends of the 
interference pipe is set on the opening portion at one end of both ends of said interference pipe; a 
valve body is set halfway on the interference pipe, and it makes displacement to turn said 
halfway portion due to said gas pressure differential, and a spring for resetting the displaced 
valve body is also installed. 


[0011] 

Here, there is no special limitation on the "gas flow pipeline". Any type that allows 
flowing of gas can be used, such as the [air intake pipeline or gas exhaust pipeline of internal 
combustion engines. Also, there is no special limitation on the shape and dimensions of the 
"interference pipe", as long as the difference between its effective length and the length of the 
corresponding portion of said gas flow pipeline is half the wavelength of the desired muffling 
frequency. 


[0012] 

Also, as "gas pressure adjusting means", one may adopt a Venturi structure that can 
augment the negative pressure in the opening portion of the interference pipe, or a flowing gas 
intake structure that takes the gas flowing in the gas flow pipeline from one end of the 
interference pipe. Also, examples of the 'Valve body" are as follows: © A type of valve body, 
which has one end attached on the inner wall of the interference pipe such that tilting can be 
performed and is in contact with a valve base set halfway of the interference pipe. © A type of 
valve body which can make displacement when it is set parallel and facing said valve seat. Also, 
there is no special limitation on the type of the "spring", as long as it has a function for resetting 
displacement of the valve body. 


[0013] 
Operation 

First of all, when the flow velocity of the gas flowing in the gas flow pipeline is low, the 
frequency of the noise generated in the gas flow pipeline is usually low, and the difference in gas 
pressure between the two ends of the interference pipe due to the gas pressure adjusting means is 
also smaller. In this case, ® when the valve body is set such that it opens the halfway portion of 
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the interference pipe, the intrinsic interference function of the interference pipe can be displayed, 
and the muffling frequency due to this interference matches the frequency of said noise. © When 
the valve body is set such that it closes the halfway portion of the interference pipe, the 
interference pipe displays a resonant function as two side branches, and the muffling frequency 
due to their resonance matches the frequency of the noise. 

[0014] 

On the other hand, when the flow velocity of the gas flowing in the gas flow pipeline is 
high, the frequency of the noise generated in the gas flow pipeline is usually high, and the 
difference in the gas pressure generated between the two ends of the interference pipe due to the 
gas pressure adjusting means also becomes larger. In this case, ® when the valve body is set 
such that it closes the halfway portion of the interference pipe, the interference pipe displays a 
resonant function as two side branches, and the muffling frequency due to their resonance 
reaches the frequency of the noise. On the other hand, (D when the valve body is set such that it 
opens the halfway portion of the interference pipe, the intrinsic interference function of the 
interference pipe can be displayed, and the muffling frequency due to this interference matches 
the frequency of said noise. 

[0015] 

In this way, by switching the muffling function using the interference pipe, the muffling 
frequency can be made in agreement with the frequency of the noise. As a result, the range of the 
muffling frequency can be effectively expanded. Also, the structure for expanding the muffling 
frequency range is composed merely of said gas pressure adjusting means, valve body, and 
spring. It is simple and small in size, and has only a few parts. 

[0016] 

Application examples 

In the following, the first application example of the resonating type muffling device set 
on the air intake pipeline of an internal combustion engine will be explained in detail with 
reference to Figures 1-5. Interference pipe (4) that connects to the two ends of air hose (3) is set 
outside air hose (3) as an air intake pipeline that connects between air cleaner (1) and fuel 
injecting device (2) of the internal combustion engine. Suppose the effective length between the 
two ends of said interference pipe (4) is LI, and the straight line distance between the opening 
portions at the two ends of interference pipe (4), that is, the corresponding length of the air hose 
with respect to interference pipe (4), is L2, interference effect takes place at the frequency with 
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its half wavelength corresponding to L1-L2. Consequently, muffling frequency fO, that is, the 
frequency of interference, becomes the following Numerical Formula 1 . 

[0017] 

[Numerical formula 1] 
F0 = C/[2(L1-L2)] 

where, C = 331 .5+0.61 1: sonic velocity (m/sec) 
t: temperature (°C) 

[0018] 

Frequency fi of the air intake noise generated in air hose (3) increases as it is nearly 
proportional to the rotating velocity of the internal combustion engine. Because said LI and L2 
are constant, it is difficult to change muffling frequency fO. However, when the rotating velocity 
of the internal combustion engine rises, if interference pipe (4) can be turned OFF halfway, for 
said interference pipe (4), resonance takes place as first side branch (4a) and second side branch 
(4b) connected to air hose (3) independently on the left/right sides, respectively. Consequently, 
suppose said two side branches (4a), (4b) have lengths L3 and L4, respectively, muffling 
frequency fO becomes two muffling frequencies fOl and f02 of said side branches (4a), (4b) 
defined in following Numerical Formula 2. Consequently, by selecting L3 and L4 appropriately, 
it is possible to match one of muffling frequencies fOl and f02 to air intake frequency fi. 

[0019] 

[Numerical formula 2] 
FOl = (2n-l)C/4L3 
F02 = (2n-l)C/4L4 
where, n=l, 2... 

[0020] 

In this application example, valve seat (5) having through-hole (51) formed on it is set in 
a halfway portion of interference pipe (4). Also, plate-shape valve body (6) is set with the 
following function: When the difference in gas pressure between the two ends of interference 
pipe (4) becomes smaller, it pops up so that through-hole (51) of said valve seat (5) is opened. 
When the difference in gas pressure between the two ends of interference pipe (4) becomes 
larger, it tilts downward to close through-hole (51) on said valve seat. On the inner wall of 
interference pipe (4) on the immediate upstream side of said valve seat (5), turn-shape spring (9) 
prepared by winding an elastic metal wire in one or several small turns and having its two ends 
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extending parallel to each other has one end fixed, and the other end of said turn-shape spring (9) 
is fixed on the back side of said valve body (6). Consequently, said valve body (6) is supported 
by said turn-shape spring (9) such that it can tilt around its winding portion, and it can recover 
after tilting. 

[0021] 

Also, on the upstream edge of the left-end opening portion of interference pipe (4), 
Venturi structure (7) is set as a gas pressure adjusting means extending obliquely towards the 
downstream side and the center of air hose (3). By means of this Venturi structure (7), the 
negative pressure of the opening portion on the left end of interference pipe (4) is higher than 
that of the opening portion on the right end, and a difference in gas pressure between the two 
ends of interference pipe (4) is generated. When the rotating velocity of the internal combustion 
engine is increased, the gas pressure in air hose (3) decreases, and the negative pressure becomes 
stronger. As a result, the difference in gas pressure between the two ends of said interference 
pipe (4) also becomes larger. As explained in the above, valve body (6) makes displacement to 
close through-hole (51). 

[0022] 

In the following, an explanation will be given for the functions and effects of the 
muffling device with the aforementioned constitution. First of all, when the rotating velocity of 
the internal combustion engine is decreased, air intake noise frequency fi also decreases. In this 
case, the negative pressure in air hose (3) becomes weaker, and the difference in gas pressure 
between the two ends of interference pipe (4) becomes smaller. Consequently, as shown in 
Figures 1 and 2, valve body (6) pops up and creaks a tilt, so that through-hole (51) is left opened. 
Consequently, the intrinsic interference function of interference pipe (4) works, and muffling 
frequency fO defined by said Numerical Formula 1 matches air intake noise frequency fi. Of 
course, the precondition for this is that effective length LI of said interference pipe (4) and 
corresponding length L2 of air hose (3) are selected appropriately. This selection can be 
performed easily using said Numerical Formula 1 . 

[0023] 

When the rotating velocity of the internal combustion engine is increased, air intake noise 
frequency fi also increases. In this case, the negative pressure in air hose (3) becomes stronger, 
and at the same time, due to Venturi structure (7), the negative pressure on the left end of 
interference pipe (4) becomes greater than that on the right end, and the difference in gas 
pressure between the two ends becomes larger. As shown in Figure 3, valve body (6) tilts 


8 


downward and contacts valve seat (5) to close through-hole (51). As a result, interference pipe 
(4) is divided into two side branches (41) and (42) on the left/right sides, and they resonate 
independently. Said muffling frequency fO is switched to muffling frequencies fOl and f02 
defined in said Numerical Formula 2. Consequently, one of these frequencies in agreement with 
air intake noise frequency fi. Of course, the precondition for this agreement is that lengths L3 
and L4 of two side branches (41), (42) are selected appropriately. This selection can be 
performed easily using said Numerical Formula 2. 

[0024] 

However, air intake noise frequency fi of an internal combustion engine is usually not a 
single frequency. Instead, it is usually composed of a peak-level frequency component fil and 
another frequency component 62. In this application example, muffling frequency fOl 
corresponding to first side branch (41) matches peak-level frequency component fil, and 
muffling frequency f02 of second side branch (42) matches the other frequency component fi2, 
so that the muffling effect can be further improved. 

[0025] 

Consequently, for the muffling device of this invention, by switching the muffling 
function by means of interference pipe (4) to make muffling frequency fO in agreement with air 
intake noise frequency fi, it is possible to effectively expand the muffling frequency range. Also, 
the structure for expanding the muffling frequency range is composed only of said Venturi 
structure (7), valve body (6) and turn-shape spring (9). It is simple, small in size, and is 
composed of a few parts. Consequently, compared with the conventional muffling device of this 
type, the muffling device of this invention has a simpler structure and a lower cost. 

[0026] 

In the following, an explanation will be given for the muffling device in the second 
application example of this invention with reference to Figures 6-8. This second application 
example differs from said first application example with respect to the following features: ® coil 
spring (12) is installed between spring end supporting unit (1 1) set on the downstream side of 
valve seat (5) and the back side of valve body (6), and valve body (6) can make displacement 
while it faces and parallel to valve seat (5); ® on the downstream side edge and the opening 
portion on the right end of interference pipe (4), air-intake [valve] (8) is set as a gas pressure 
adjusting means extending obliquely towards the center of air hose (3) from the upstream side; 
and [3] when the difference in gas pressure between the two ends of interference pipe (4) is 
small, valve body (6) makes contact with valve seat (5) to close through-hole (51); and, when the 
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difference in gas pressure between the two ends of interference pipe (4) becomes larger, valve 
body (6) leaves valve seat (5) to open through-hole (51). Said air-intake (8) picks up a portion of 
the intake air flowing in air hose (3) from the right end of interference pipe (4), so that the gas 
pressure on the right end becomes higher than that on the left end. As a result, a gas pressure 
differential is generated between the two ends. 

[0027] 

In this second application example, as shown in Figures 6 and 7, when the rotating 
velocity of the internal combustion engine is low, valve body (6) is in contact with valve seat (5) 
to close through-hole (51). Consequently, interference pipe (4) is divided to first side branch (41) 
and second side branch (42), which resonate independently. Consequently, muffling frequency fO 
becomes muffling frequencies fOl and f02 defined by said Numerical Formula 2. Consequently, 
by selecting L3 and L4 appropriately, it is possible to have one of said muffling frequencies fOl 
and f02 match air intake noise frequency fi. Also, as the rotating velocity of the internal 
combustion engine is increased, as shown in Figure 8, the difference in gas pressure between the 
two ends of interference pipe (4) becomes larger, and valve body (6) moves against the elastic 
force of coil spring (12) and leaves valve seat to open through-hole (51). Consequently, the 
intrinsic interference function of interference pipe (4) functions, and muffling frequency fO is 
switched to the frequency defined in said Numerical Formula 1 . Consequently, by selecting LI 
and L2 appropriately, it is possible to have muffling frequency fO match air intake noise 
frequency fi. Consequently, the same effects as those in the first application example can be 
displayed in this second application example. 

[0028] 

This invention is not limited to the constitution of said application examples. 
Modifications can be made as long as the gist of this invention is observed. 

[0029] 

Effect of the invention 

For the muffling device of this invention with the aforementioned constitution, it is 
possible to expand the muffling frequency range, and as the structure for this purpose is simple 
and small in size, it is possible to decrease the cost. This is the excellent effect of this invention. 

Brief description of the figures 

Figure 1 is a cross-sectional view illustrating the state in which the halfway portion of the 
interference pipe is opened in the first application example. 
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Figure 2 is a cross-sectional view illustrating the main portion of Figure 1 . 

Figure 3 is a cross-sectional view illustrating the main portion in the state in which the 
halfway portion of the interference pipe is closed in the first application example. 

Figure 4 is a side view of the main portion of Figure 3 as seen from the right side. 

Figure 5 is a front view illustrating the state of installation in the first application 
example. 

Figure 6 is a cross-sectional view illustrating the state in which the halfway portion of the 
interference pipe in closed in the second application example. 

Figure 7 is a cross-sectional view of the main portion of Figure 6. 

Figure 8 is a cross-sectional view of the main portion of the state in which the halfway 
portion of the interference pipe is opened in the second application example. 

Brief description of the part numbers 

3 Air hose as gas flow pipeline 

4 Interference pipe 

6 Valve body 

7 Venturi structure as gas pressure adjusting means 

8 Air-intake [valve] as a gas pressure adjusting means 

9 Turn-shape spring 
12 Coil spring 

41 First side branch 

42 Second side branch 
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ABSTRACT: 

PURPOSE: To provide a muffler device which is capable of widening a sound 
absorbing frequency range, having a simple and compact structure therefor and 
suppressing a manufacturing cost. 

CONSTITUTION: An interference type muffler device has an interference pipe 4 
whose both ends are communicated with an air hose 3. A pressure adjusting 
means 7 is provided on one or both end openings of the interference pipe 4 for 
generating pressure difference between both ends. A valve body 6 is arranged 
on the way of the interference pipe 4, for opening/closing the arrangement 
portion, which valve body 6 is displaced by means of the above-mentioned 
pressure difference. A spring 9, for resetting the displacement of the valve 
body 6, is also provided. 
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